Summary. Transport of spermatozoa through different regions of the epididymis has been followed by labelling testicular spermatozoa with [3H]thymidine in intact rats and in rats in which the efferent ducts were ligated or the testes were removed. In intact rats, the transit times of epididymal spermatozoa from the initial segment to the caput, from the caput to the corpus, and from the corpus to the cauda were 2, 4 and 2 days, respectively, giving a total transit time of 8 days. After bilateral castration, labelled spermatozoa were transferred from the initial segment into the proximal cauda by 2 days and appeared in the ductus deferens by 4 days. This effect was prevented by a daily subcutaneous injection of testosterone propionate (0\m=.\2mg/kg). Bilateral efferent duct ligation had only a slight effect on the passage of epididymal spermatozoa. The results indicate that epididymal sperm transport is enhanced after androgen withdrawal.
Introduction
The acquisition by spermatozoa of motility and the ability to fertilize eggs during their transit through the epididymis is androgen dependent (for review see Orgebin-Crist, Danzo & Davies, 1975) . The hormonal regulation of sperm transport through the epididymis is still unclear although measurements of epididymal sperm reserves after castration in the rat (Dyson & Orgebin-Crist, 1973; Pholpramool, White & Setchell, 1982) and the hamster (Lubicz-Nawrocki, 1974) or after oestrogen treatment in the mouse (Meistrich, Hughes & Bruce, 1975) suggest that epididymal sperm transport is enhanced by androgen deprivation. It has been reported that spontaneous contractions of the epididymis are stimulated by testosterone because motility of the rat epididymal duct ceased shortly after castration (Risley, 1963 ; Hib & Ponzio, 1977) . However, DinUdom, Sujarit & Pholpramool (1985) The solubilized spermatozoa were diluted with 10 ml scintillation liquid (toluene: Triton ¬ 00, 2:1 v/v, containing 40 g PPO and 0-1 g POPOP per litre) and the radioactivity was determined in a liquid scintillation counter (LS-3133T, Beckman, U.S.A.).
In some experiments 3-4 cm portions of the ductus deferens were also collected and similarly treated as described above. Intratesticular injection of [3H]thymidine had no effect on the sperm production since the total sperm counts in the epididymides of untreated rats and rats receiving isotope injection were similar. Sperm counts (mean ± s.e.m.) in the initial segment, caput, corpus, proximal cauda and distal cauda epididymidis of 5 untreated rats were, respectively, 42 ± 6, 68 ± 6,68 ± 10, 115 
Effect of bilateral castration
The transport of labelled spermatozoa through all regions of the epididymis was enhanced in castrated rats. By 2 days after castration performed on Day 38 after the intratesticular injection of Compared to the corresponding sham control, *P < 005; **P < 001.
Compared to the corresponding castration group, fP < 0-05; ft-P < 0-01.
thymidine, the peak of radioactivity appeared in the proximal cauda on Day 40 and substantial radioactivity was recovered from the ductus deferens on Day 42 (Table 2 ).
Effect of bilateral castration and testosterone propionate The enhancement of sperm transport which occurred in castrated rats was prevented by administration of testosterone propionate at a dose of 0-2 mg/kg per day. Most of the labelled spermatozoa were still in the caput on Day 40 (Table 2 ).
Discussion
The transport of spermatozoa through the epididymal duct has been studied in many species by different methods (Orgebin-Crist, 1965 ). The isotope labelling method, however, seems to give more consistent and reliable results (Orgebin-Crist, 1962) . This method has been used for the mouse (Meistrich et al., 1975) , bull (Koefoed-Johnsen, 1960) and rabbit (Amann et al., 1965; OrgebinCrist, 1965 ). The total passage times of spermatozoa through the rat epididymis obtained in the present study (8 days) are comparable to those estimated from the injection of radio-opaque material into the efferent ducts (7-8 days : Macmillan & Aukland, 1960) or calculated from the daily sperm reserve (8-4 days: Robb, Amann & Killian, 1978) . These values are, however, much higher than that derived from the injection of oil droplets into the epididymal lumen (5-3 days: Jaakkola, 1983) . The latter probably does not represent the true value since it was extrapolated from the speed of oil droplets traversed in different regions of the epididymis over a short period (2 h). The regional transit times derived from this study are also in good agreement with those estimated from radioopaque (Macmillan & Aukland, 1960) or dye (English & Dym, 1982) injection studies. However, passage of spermatozoa in the proximal region (the caput and the corpus) was somewhat faster whilst that in the distal region was slower than the values that were calculated from the sperm reserves. The apparently rapid transport of labelled spermatozoa through the proximal cauda (within 1 day) in the present study might have been due to rapid mixing of the luminal contents in the proximal and distal cauda. The epididymal tubule in this region contracts spontaneously and with high amplitude (Hib & Ponzio, 1977; Markkula-Viitanen, Nikkanen & Talo, 1979; Pholpramool, Triphrom & Din-Udom, 1984) . Each contraction usually propelled the luminal content forward or backward for a considerable distance (unpublished observations). Mixing of labelled spermatozoa and a reflux of luminal fluid content in the cauda epididymidis of rabbits have been observed (Orgebin-Crist, 1965; Prins & Zaneveld, 1980) . The rapid mixing of spermatozoa in the cauda may also explain the constancy of labelled spermatozoa in this region for several days.
The enhancement of passage of labelled spermatozoa through the epididymis by castration supports previous results (Dyson & Orgebin-Crist, 1973; Lubicz-Nawrocki, 1974; Pholpramool et al., 1982) . The increase in the rate of transport occurred as a result of androgen withdrawal since the sperm transport was restored to normal when testosterone was administered to the castrated rats.
Ligation of the efferent ducts had only a slight effect. This effect was not due to changes in blood testosterone concentrations which remain normal for 21 days after efferent duct ligation (Main, Davies & Setehell, 1978) . It is likely that a diminution of spermatocrit in the caput and the corpus by 5 days after this operation (Pholpramool et al., 1982) causes a decrease in the viscosity of the luminal content in those regions, thus accelerating fluid movement along the epididymal duct.
The mechanism by which passage of spermatozoa is increased shortly after castration is unclear at present. There are, however, at least three possible explanations for this phenomenon. Firstly, spermatozoa are forced to move forward simply by a reduction in luminal diameter of the epididymal duct. A significant decrease in luminal diameter in the caput and the corpus occurred by 3 days after castration (unpublished observations). Secondly, a decrease in the viscosity of luminal content would facilitate flow of fluid through the epididymal duct. It has been shown that fluid absorption in the epididymis is inhibited after castration (Wong, Au & Ngai, 1978) . A reduction in spermatocrit shortly after androgen withdrawal has also been reported (Pholpramool et al., 1982) . Evidence from these studies indicates that the viscosity of the luminal content of the rat epididymis may be decreased by castration. Finally enhancement of sperm transport may be induced by an increase in tubular contractility (Din-Udom et ai, 1985) . The hypothesis that, in normal male rats, androgens depress the contractions of the epididymal duct to ensure optimal rates of sperm transport in different regions of the epididymis is supported by the present and previous (Din-Udom et ai, 1985) results showing that tubular contractions and rates of sperm transport are increased after androgen withdrawal.
